tients have either frontal lobe damage (Ladavas, Umilta, & Provincial, 1979; Lewinsohn, Zieler, Libet, Eyeberg, & Nielson, 1972; Milner et al., 1991; Shimamura, Janowsky, & Squire, 1990) or lesions in areas heavily connected to the frontal lobes. For example, temporal order memory has been studied in patients with Korsakoff s syndrome (Huppert & Piercy, 1976; Meudell, Mayes, Ostergaard, & Pickering, 1985; Shimamura et al., 1990; Squire, 1982) , patients with heterogenous amnesic disorders (Hirst & Volpe, 1982) , detoxified chronic alcoholic patients (Salmon, Butters, & Shuckit, 1986) , closed-head-injury patients (Vakil, Blachstein, & Hoofien, 1991) , schizophrenic patients (Schwartz, Deutsch, Cohen, Warden, & Deutsch, 1991) , and Parkinson's disease patients (Sagar, Cohen, Sullivan, Corkin, & Growdon, 1988; Sagar, Sullivan, Gabrieli, Corkin, & Growdon, 1988; Sullivan & Sagar, 1989; Vriezen & Moscovitch, 1990) . Furthermore, a number of investigators have demonstrated that lesions in analogous areas in rodents (Kesner & Holbrook, 1987) and primates (Pribram & Tubbs, 1967; Tubbs, 1969) result in a deficient memory for temporal order. With few exceptions (e.g., Bowers, Verfaellie, Valenstein, & Heilman, 1988; Kopelman, 1989) , findings in the human and animal literature are consistent with the existence of a relationship between the frontal lobes and temporal organization of memory. McAndrews and Milner (1991) examined the effect of encoding strategies on temporal order memory. They investigated whether a noneffortful, nonstrategic encoding technique would allow patients with frontal lobe damage to circumvent their temporal order memory deficit and perform normally on recency judgments. The encoding technique that these authors investigated, subject-performed tasks (SPTs), was developed by Cohen (1981) . An SPT simply involves performing an appropriate action with a to-be-remembered object.
After giving a recency discrimination task to patients with unilateral frontal lobe damage and to normal control subjects, McAndrews and Milner (1991) compared the use of SPTs to a standard naming condition. Although patients with frontal lobe lesions were severely impaired on the recency discrimination task in the naming condition, their performance was equivalent to that of normal controls after performing actions with the objects. Using SPTs during encoding thus overcame a temporal ordering deficit for patients with frontal lobe lesions.
A number of factors may have been responsible for the SPT effect. Some particular aspect of SPTs, such as the activation and execution of motor programs, the movementthrough-space feature, or their self-involved-referential nature, may have been critical. In addition, performing an action may have provided a stronger, that is, a more elaborative or distinctive, memory trace. In this latter case, other elaborative techniques would be expected to achieve a similar result.
To evaluate these alternative explanations, in the present study we used a design contrasting five different encoding conditions, three of which share specific salient features with SPT. The distinctive characteristics of enacting an SPT include elaboration, the activation and execution of motor programs, general movement through space, and self-involvement. In addition to SPTs, we used an experimenterperformed task (EPT) condition in which subjects observed the examiner perform tasks with the objects. This condition involved movement through space without the motor programming or self-involved aspects. We also used a visual imagery condition in which subjects imagined themselves performing various actions with the objects. This condition incorporated self-involvement and possibly the activation of motor programs without either the movement feature or the execution of motor programs. A verbal elaboration condition required that subjects provide estimates of how often they use the objects and the last time they used them. It encompassed the self-involved characteristic without requiring either movement or motor programs. All three of the above conditions provide elaborate encoding, similar to SPT. Finally, simple object naming was used as a control condition because it shares none of the salient features of SPT. In addition, naming allowed replication of McAndrews and Milner's (1991) findings. Taken together, these conditions permitted a number of possible dissociations, any of which would shed light on the salient features of SPTs.
Two hypotheses that focus on different but related aspects of the various encoding conditions were investigated. First, we hypothesized that all of the elaborative encoding methods (i.e., all of the conditions except naming) would result in a deeper level of encoding and thus improve the ability of patients with frontal lobe damage to perform recency judgments. Second, we hypothesized that SPT and perhaps one other encoding technique (depending on the critical SPT feature) would be the most efficacious methods.
Method
The study was conducted in two phases. It was important to select a condition order that prevented some specific encoding techniques from contaminating others that were particularly vulnerable. For example, if subjects became experienced at imagery and elaboration early in the test session, it would be difficult for us to prevent (and detect) them from covertly using the techniques while simultaneously performing actions in the SPT condition or naming the objects. Therefore, to assess whether there were any order effects, in the first phase we administered all five conditions in three different orders to three groups of 5 normal controls. The orders were constructed so that no condition occurred in any serial position more than once. Furthermore, SPT, the condition of primary interest, was distributed across serial conditions so that it occurred first, third, and fifth. The orders used were as follows: (a) SPT, naming, EPT, elaboration, imagery; (b) naming, EPT, SPT, imagery, elaboration; and (c) elaboration, imagery, naming, EPT, SPT. We performed a two-way (3 orders X 5 conditions) mixed analysis of variance (ANOVA) to determine whether there were any statistically significant differences among the three predetermined orders and five conditions. The order, F(2, 12) = 1.34, p = .29, condition, F(4, 48) = 1.22, p = .31, and Order X Condition interaction, F(8, 48) = 0.91, p = .51, effects all failed to attain statistical significance. Thus, no differences in normal controls' performance were found, regardless of condition or order. The order was fixed during the second phase, in which the task was administered to additional normal control subjects and to patients with frontal lobe damage.
Subjects
The second phase of the study examined the performances of 10 healthy normal control subjects and 10 subjects with circumscribed lesions in either the right or left frontal lobe or both frontal lobes. Exclusionary criteria for both groups included significant history of psychiatric disorder, alcohol abuse, or illicit drug use. In addition, none of the controls had a significant neurologic history (involving the central nervous system). The patient and control groups were matched for age, education, gender, and handedness. A series of univariate analyses (t tests) revealed no statistically significant differences between the groups in terms of age (p = .59) or education (p = .40). The groups had similar sex (normal controls: 6 men and 4 women; patients: 7 men and 3 women) and handedness (normal controls: 8 right and 2 left; patients: 9 right and 1 mixed) distributions.
The patients' lesions had a variety of etiologies, including anterior communicating artery aneurysm rupture and clipping (3), cerebrovascular accident (CVA) (3), tumor resection (2), and penetrating head injury (2). The time elapsed since initial illness or injury ranged from 2 months to 16 years, with a mean of 3 years 6 months. For lesion localization we followed the procedure of Damasio and Damasio (1989) . Results of lesion analyses are summarized in Appendix A and Figure 1 .
All patients were administered a neuropsychological battery (see Table 1 ) that included measures sensitive to cognitive abilities associated with frontal lobe dysfunction as well as tasks designed to assess specific cognitive functions relevant to the experimental task. Published norms, where available, were used to interpret the scores, and scores greater than one standard deviation below the mean were considered to be impaired. Patients' performance across the measures varied greatly. Four patients received relatively low scores on the measures of intellectual functioning, probably attributable to low levels of education in 3 of the cases (R.G., S.C., and C.H.) and to word-finding difficulty in 1 patient who had suffered a left frontal lobe CVA (A.L.). Three of the 10 patients (S.H., M.P., and R.S.) were minimally impaired both overall and, in particular, on the frontal lobe tasks. Seven patients were moderately impaired, showing deficits on some of the memory measures; but none was impaired across all memory tasks. On measures of frontal lobe functioning, 9 of the 10 patients performed in the impaired range on at least one task.
Materials
Two hundred common household objects were used to create five sets of items. Items were randomly assigned to one of the five sets, which were then fixed. Each set contained two lists (Lists A and B) of 10 target items each, for exposure during both the study and test phases, and an additional 20 items that were used as foils exclusively during the test phase. Target items were counterbalanced so that all lists appeared equally often in all conditions and in both positions (as Lists A and B). The sets of items are presented in Appendix B.
Procedure
Every subject participated in each of five different conditions. The five conditions differed in the encoding technique used during the study phase and were administered in the following order: an SPT condition, in which subjects performed an action with each item; a control (naming) condition, in which subjects simply named each item; an EPT condition, in which subjects observed the examiner perform an action with each item; a verbal elaboration condition, in which subjects judged how frequently they performed particular actions with items; and a visual imagery condition, in which subjects imagined themselves performing an action with each item. The actions involved in all of the conditions except naming were specific to the items and held constant across subjects and conditions.
Each condition consisted of a study phase during which the subject was exposed to 10 of the test items and their associated actions in a predetermined random order, designated as List A. The items were exposed one at a time, for 5-8 s each, with a 2-3-s interitem interval. After exposing subjects to List A, we had them count backward for 1 min to prevent rehearsal. They were then exposed to 10 more items (List B) in the same manner as for List A. Immediately following exposure to List B, subjects were tested. During the test, subjects were exposed to 20 pairs of items. Each pair consisted of one item from either of the presented lists, along with a foil they had not seen previously. Foil order was random. For target items, however, there was a standardized relationship between position at study and position in the test. This assured that item intervals between study and test exposure were held constant across all conditions and subjects. For each pair, subjects first indicated which of the items they recognized from the study phase. They then made a recency judgment for the recognized item, indicating whether the item was from List A or List B. Only those items correctly recognized were included in the recency judgment scores.
The procedure took approximately 2 hr to complete, and subjects were informed of the nature of the task. The instructions varied slightly, depending on the particular condition:
I am going to [hand/show] you a series of objects, one at a time, and you will [perform a common action with it/ simply tell me its name/ watch me perform an action with it/ use a scale to rate how often you use it and to indicate the last time you used it/ imagine that you are performing an action with it]. We will call this series the first group. We will then take a 60-second break, during which you will count backwards. Immediately following the break, I will [hand/show] you another series of objects, one at a time, which we will call the second group. After [using/seeing] all of the objects in the second group, there will be a simple test, in which I will hold up pairs of objects. Each pair will consist of one item which you have seen already, and another which you have not seen before. I will ask you first to tell me which one you have seen, and then whether you think it was in the first group or the second group.
Results
The recognition memory performance of all subjects in all conditions was 100%; therefore all recency judgment items were available for analysis. For the recency judgment data (see Table 2 ), a two-way (2 groups X 5 conditions) mixed ANOVA revealed a significant overall effect of group, F(l, 18) = 19.02, p = .0004, which indicated that patients' performance was generally lower than controls'. There was no significant overall effect of condition, F(4, 72) = 2.00, p = .10. Importantly, there was a significant group-bycondition interaction, F(4, 72) = 3.33, p = .01, indicating that patients' performance varied across encoding conditions, whereas normal controls were equivalent across conditions. Post hoc /-test comparisons revealed significant differences between the groups across all encoding tasks except for SPT. In the SPT condition, there was no significant difference between patients and normal controls (P = -75).
Although the patients' mean performance was better than 10 out of 20 correct across all five conditions (see Table 2 ), there was a considerable range among the individual scores (9-18). Therefore, we performed a series of Wilcoxon signed-rank tests comparing the numbers of patients whose performance fell above and below chance (i.e., 10 correct) in each condition. A significant number of patients performed above chance across all conditions (p values corrected for ties ranged from .0047 to .0164).
The relatively small patient group used in the present study prohibited us from performing statistical analyses to 16.4 Note. Values are raw scores out of 20 possible correct. Condition order was as follows: SPT, naming, EPT, elaboration, imagery. SPT = subject-performed task; EPT = experimenter-performed task.
determine the correlation between lesion size and site, or neuropsychological status, and task performance. However, inspection of individual cases revealed that the temporal order performance of the 3 patients who were minimally impaired overall (S.H., M.P., and R.S.) was equivalent to that of the other patients. Thus, in this study there was no obvious relationship between other neuropsychological deficits and temporal order memory impairment. This is consistent with the frequently noted dissociation among frontal lobe deficits.
Case inspections also revealed that the 10 patients did not have the same pattern of temporal order performance across the encoding conditions. Four patients in particular, although impaired in their overall recency judgment performance, produced performance patterns across the encoding conditions that were somewhat different from those of the other patients. For 2 patients (C.R. and M.P.), recency judgment performance was best in the imagery condition and second best in the SPT condition. The best performance of 2 other patients (S.H. and R.G.) was equivalent in the SPT condition and another condition: R.G.'s performance was equivalent under the SPT and imagery conditions, and S.H. performed equally well in the SPT and EPT conditions. It is interesting that patients M.P., S.H., and R.G. all suffered anterior communicating artery aneurysm rupture and clipping, which typically damages the posterior ventromedial frontal lobe, including the basal forebrain and orbital frontal cortex. Patient C.R.'s lesion also involved deep white matter structures adjacent to the basal forebrain. Therefore, select involvement of deep limbic system structures in the frontal lobe may anatomically distinguish this subgroup from those with lateral, polar, and superior cortical damage. The performance of the 4 patients who did not demonstrate a clear SPT effect is contrasted with the performance of the remaining patients and normal controls in Figure 2 .
Discussion
The major finding of the present study was that SPT was effective as an aid in the recency judgments of frontal lobe patients. Our data on the critical properties of SPTs extend Me Andrews and Milner's (1991) finding that performing tasks with objects facilitated the recency judgments of frontal lobe patients.
Me Andrews and Milner (1991) offered the explanation that a reminding process may have accounted for frontal lobe patients' superior recency judgment performance. This speculation is based on earlier findings that recency judgments for both preexisting (e.g., category membership) and novel (e.g., interactive images) associations are better than recency judgments for unrelated word pairs (Tzeng & Cotton, 1980; Winograd & Soloway, 1985) . These findings suggested the interpretation that the presentation of the second member of the pair reminds subjects of the first member. Because Me Andrews and Milner's study contained relatively few action items compared to named items in each series, the SPT items may have been quite distinc- live such that later SPT items reminded patients of earlier SPT items. This reminding process may have facilitated temporal order judgments. In the present study, items were blocked by condition so that SPT items were not distinctive relative to other items. Therefore, the process of reminding does not provide a good account of the present findings. Nevertheless, the possibility that SPTs provide more distinctive encoding than other elaboration techniques cannot be discounted. The nature of that distinctiveness, however, is the critical question. Contrary to the hypothesis that the alternative distinctive encoding methods would improve the ability of frontal lobe patients to perform recency judgments, none of the elaborative techniques other than SPT substantially facilitated patients' performance. This lack of temporal order memory facilitation by conditions other than SPT is particularly interesting because there is evidence from studies on item recall that some of the encoding conditions used in the present study are equivalent to SPT in terms of their elaborative quality (Backman & Nilsson, 1984 , 1985 Cohen, Peterson, & Mantini-Atkinson, 1987; Engelkamp, 1988; Saltz & Donnenworth-Nolan, 1981) . Therefore, the SPT effect observed in the present study is not likely explained by general elaboration.
The second hypothesis more specifically addresses the critical properties of SPTs. We hypothesized that SPT and perhaps one other encoding technique (depending on the critical SPT feature) would be the most efficacious methods. No condition other than SPT was effective, which has implications for determining the critical feature. The movement-through-space and self-involvement aspects can be ruled out as crucial characteristics of SPTs. Because neither visual imagery nor verbal elaboration facilitated temporal order memory in the present study, it is unlikely that selfinvolvement was the feature critical for SPTs' effectiveness. The visually perceived movement-through-space component of SPTs can also be eliminated, because the EPT and visual imagery conditions did not improve patients' performance. Perhaps the crucial component of SPTs for the performance of recency judgments is the motor feature. Only SPTs required the activation and execution of motor programs (other than those required for speech), and these may have been what allowed patients to overcome or circumvent their deficit and perform recency judgments normally.
A number of possible explanations regarding motor programming may account for the effectiveness of SPTs. The first draws on three areas of relevant literature-temporal order memory in normal individuals, SPTs in normal individuals, and cognitive deficits associated with frontal lobe damage. Normally, both automatic and effortful processes are thought to be involved in temporal order memory (Jackson, Michon, Boonstra, De Jonge, & De Velde Harsenhorst, 1986; Naveh-Benjamin, 1990) . Patients with frontal lobe damage often fail to engage in effortful processing (Fuster, 1989; Stuss & Benson, 1986) , which may account for their temporal order memory deficit. In fact, effortful encoding did not lead to improved temporal order memory performance in the frontal lobe patients in the present study. Because SPTs appear to rely largely on automatic processes (Cohen, 1981 (Cohen, , 1983 (Cohen, , 1985 , information about temporal order may be acquired automatically, resulting in improved performance.
Another compatible explanation for the efficacy of SPT is provided by considering the role of the basal ganglia. The basal ganglia receive powerful projections from the frontal lobe as well as nonfrontal sensory association and limbic cortices (Alexander, Crutcher, & DeLong, 1990; Goldman & Nauta, 1977; Yeterian & Van Hoesen, 1977) . In addition, these cortico-striatal connections feed back to the frontal lobes via the pallidum and thalamus, creating a circuit. Recent research has indicated that several cortico-striatal loop circuits are involved in the activation and execution of simple and complex motor programs. At least one of these loops has been hypothesized to mediate certain forms of procedural or motor memory (Cummings & Benson, 1990; Domesick, 1990) . The sensorimotor linkages from SPTs may involve a strong procedural representation, which is supported by the cortico-striate system and in some way facilitates recency discrimination in patients with limited prefrontal lobe damage. Future studies with patients who have damage to various components of the cortico-striate system may shed further light on the mechanisms responsible for SPTs effectiveness.
In the present study SPT appeared first in the condition order, and thus the possibility that the observed effect in patients may be attributed to proactive interference should be considered. If this were the case, performance would be expected to decline across the remaining conditions, eventually reaching chance level (in this case a score of 10). These data do not fit this pattern. Patient performance was statistically above chance and equivalent across all four of the non-SPT conditions. Therefore, it is unlikely that proactive interference accounts for the superior performance by the frontal lobe patients in the SPT condition.
There are a number of limitations of the present study. The investigation of temporal order memory under different conditions required adequate and equivalent performance across groups on item recognition memory. Unfortunately, this necessary ceiling effect prevented examination of SPT effects on item recognition memory.
The recent literature on temporal ordering in normal individuals indicates that numerous components and processes are involved. Furthermore, all temporal ordering tasks may not be tapping the same processes. For example, list discrimination judgments may rely on contextual cues other than recency, such as strength of association between items. Relative order may be encoded through a process separate from that used to encode more specific and elaborate temporal information (Jackson et al., 1986; NavehBenjamin, 1990 ). The recency judgments performed in the present study required only a judgment about relative position and did not assess subjects' ability to recall item serial position. Therefore, the SPT effect may not generalize to a more specific (and perhaps more difficult) temporal ordering task. If current theoretical notions are correct (cf. Jackson et al., 1986; Naveh-Benjamin, 1990; Zacks, Hasher, Alba, Sanft, & Rose, 1984) , and the encoding of complex temporal order information normally requires effortful processing, it remains to be seen whether an automatic encoding method such as SPT can help patients compensate for their deficit on a more complex serial ordering task.
The small number of patients and the heterogeneity of their lesions represent another limitation. It is difficult to speculate from the present data about the involvement of specific prefrontal areas in temporal order memory. Milner et al. (1991) recently extended earlier findings that demonstrated the relationship between the presence of frontal lobe damage and deficits in memory for temporal order, by examining whether the mid-lateral frontal cortex is the critical area for temporal ordering ability. They administered a version of their original task (Milner, 1971 (Milner, , 1982 to 117 patients who had undergone unilateral cortical excisions involving frontal, temporal, or combined frontotemporal areas, and they examined the results based on lesion location. They found strong evidence that the mid-lateral frontal cortex in the left hemisphere plays a critical role in performing recency judgments for concrete words. However, there was no localizing evidence when the stimuli consisted of representational drawings. The most striking finding involved recency judgments for abstract drawings. Although the right frontal lobe was critically involved in the performance of recency judgments, there was no evidence that the mid-lateral frontal cortex made any special contribution.
Given the considerable recent discussion of the regional specificity of lesion effects within the frontal lobe (see Cummings, 1993; Fuster, 1989; Grattan & Eslinger, 1991) , replication of the present study with a larger sample of patients with variously located frontal lobe lesions would be of interest. Such research would allow evaluation of the possibility, suggested by the preliminary observation in the present study, that SPT improvement may occur in different patterns for cortical versus deep limbic sites of frontal lobe damage. Also, future studies should investigate whether it is the size or the placement of the lesion that is the critical factor in determining whether a patient will demonstrate the SPT effect.
Finally, the use of only one patient sample made it impossible for us to demonstrate a double dissociation and to eliminate the possibility that both the deficit and the SPT effect were due to the mere presence of brain damage or subsequent general cognitive deterioration. This is unlikely, however, given that the present finding of a temporal order memory deficit in frontal lobe patients paralleled findings in earlier studies that included additional patient groups. However, future studies with varying sources and sites of brain damage are indicated. 
